To evaluate frequency of use of two antidementia drug classes approved for treatment of symptoms, whether populations most likely to benefit are treated, and correlates of treatment initiation. DESIGN: Nationally representative cohort study. SETTING: Fee-for-service Medicare. PARTICIPANTS: Elderly adults with dementia enrolled in Medicare Parts A, B, and D in 2009 (N = 433,559) and a subset with incident dementia (n = 185,449). MEASUREMENTS: Main outcome was any prescription fill for antidementia drugs (cholinesterase inhibitors (ChEIs) or memantine) within 1 year. RESULTS: Treatment with antidementia drugs occurred in 55.8% of all participants with dementia and 49.3% of those with incident dementia. There was no difference between ChEIs and memantine use according to dementia severity (measured as death within first year or living in residential care vs in a community setting) even though memantine is not indicated in mild disease. In incident cases, initiation of treatment was lower in residential care (relative risk (RR) = 0.82, 95% confidence interval (CI) = 0.81-0.83) and with more comorbidities (RR = 0.96, 95% CI = 0.96-0.96). Sixty percent of participants were managed in primary care alone. Seeing a neurologist (RR = 1.07, 95% CI = 1.06-1.09) or psychiatrist (RR = 1.17, 95% CI = 1.16-1.19) was associated with higher likelihood of treatment than seeing a primary care provider alone, and seeing geriatrician was associated with with lower likelihood (RR = 0.96, 95% CI = 0.93-0.99). Across the United States, the proportion of newly diagnosed individuals started on antidementia treatment varied from 32% to 66% across hospital referral regions.
A lzheimer's disease (AD) is increasingly being brought to the attention of the U.S. public, healthcare providers, and policy-makers because of the enormous burden it places on families, the financial costs, and the projected tripling in number of affected adults over the next 40 years. [1] [2] [3] [4] The National Alzheimer's Project Act, 5 passed in 2011, has focused attention at a national level on ways to mitigate the effect of dementia on current and future populations by developing supportive policies and increasing funding for research. There is no curative treatment, and much of the increased research funding is targeted toward discovering therapies that prevent AD's onset or alter its course.
Two drug classes are currently available for the treatment of AD that the Food and Drug Administration has approved: cholinesterase inhibitors (ChEIs; including rivastigmine, donepezil, and galantamine) and the N-methyl-D-aspartate-receptor-antagonist memantine, together called "antidementia drugs." Studies on ChEIs have shown small positive effects for AD and mixed effects in other common dementias (vascular, Lewy body, Parkinson's). [6] [7] [8] ChEIs have an indication in early to moderate disease; donepezil and rivastigmine were later also approved for severe dementia. [9] [10] [11] [12] Trials for memantine show benefit in AD but less so in other types of dementia, and its indication is for moderate to severe dementia and not mild disease. 13 , 14 Yet results of studies are inconsistent and there is disagreement about whether the magnitude of benefit outweighs risk, especially for ChEIs. 10, 15, 16 The uncertainty about the value of treatment is reflected in differences between guidelines for treatment across specialties and countries.
Even with this uncertainty about effectiveness, antidementia drugs are in the top 15 drugs prescribed according to cost in Medicare Part D, accounting for 3.5% of total Part D spending. 21 Aricept (Pfizer, New York, NY), the brand name version of donepezil, was in the top 10 mostcommon brand-name drugs prescribed in Part D and had the highest median negotiated price in 2008 on that top 10 list, 22, 23 although now it is available as a generic drug. These drugs may be so commonly used because clinicians and families are willing to try treatments with low efficacy when in the challenging situation of managing a person with progressive cognitive loss that is also associated with difficult behaviors and psychotic symptoms. Trials suggest that the magnitude of benefit of antidementia drugs is smaller than that of nonpharmacological management strategies 24 and delivery of comprehensive primary care that incorporates caregiver support, 25 but instituting those interventions is more challenging for busy clinicians than writing a prescription. 26 The problem is that these medications may have high financial cost, low effectiveness, and side effects. [27] [28] [29] [30] Given the cost and uncertainty about benefit, evaluation of how these drugs are being used can identify where practice improvement is needed. This study, using a national sample of Medicare beneficiaries enrolled in Medicare Part D, evaluated the frequency of antidementia drug use in people with a diagnosis of dementia. To compare individuals with similar disease severity, treatment in individuals with a first dementia diagnosis and factors associated with likelihood of treatment initiation were then examined. It was hypothesized that dementia severity would decrease the likelihood that a person received antidementia treatment and influence whether a ChEI or memantine was used. Although some ChEIs now have an indication for severe disease, guidelines and opinions suggest that their use should be avoided in late-stage disease 10, 31 and that memantine should predominantly be used in severe disease and not in mild disease.
14 How other factors influence likelihood of treatment, including whether a dementia specialist (neurologist, psychiatrist, geriatrician) was involved in care was also examined. Finally regional differences in use of antidementia drug use across the United States were examined.
METHODS

Study Sample
The study sample included Medicare Part D enrollees from 2008 to 2010 drawn from a 40% sample of Medicare beneficiaries, 50% of whom were enrolled in Part D. Individuals were selected when they had an index claim with a dementia diagnosis in 2009 using International Classification of Diseases, Ninth Revision, diagnostic codes from the Chronic Condition Warehouse (https://www.ccwdata.org/web/guest/condition-categories). Inclusion requirements were aged 66 and older, continuous enrollment in Medicare Parts A and B for 1 year before and Part D for 4 months before the index diagnosis and Parts A, B, and D for 12 months after index diagnosis. Individuals who died within the first 90 days of observation, which limited the opportunity for medication treatment, were excluded from the analysis. Participants were categorized as incident cases if a 12-month diagnosis-free period preceded the index diagnosis.
An inclusive approach to capturing dementia was used rather than splitting according to subtype because of the limitations inherent in claims. Claims have good specificity for dementia but lack sensitivity, underascertaining early disease, 32, 33 and they do not differentiate well between types of dementia. [33] [34] [35] [36] In addition, clinicians who make the diagnosis have difficulty distinguishing type, and even expert approaches sometimes do not agree. [37] [38] [39] [40] The inclusive approach was used rather than creating what might be essentially arbitrary groups according to type of dementia.
Measures
The main outcome was one or more prescription fills for an antidementia drug in the year after the first appearance of a dementia diagnosis. The Lexi-Data Basic database was used to identify drugs according to National Drug Code. 41 Information on age, sex, race, and hospital referral region (HRR) of residence was obtained from the beneficiary summary file. Additional control variables were receipt of low-income subsidy (from Part D records), comorbidities, and evaluation and management visits and hospitalizations during the year before diagnosis. Comorbidity count was based on the Deyo-Charlson Comorbidity Index, excluding dementia. 42, 43 Survived days were also counted to account for death in the observation period. Information on visits to a neurologist, psychiatrist, or geriatrician in the 2 months before and after the date of the initial diagnosis was captured as an indicator of specialty involvement.
There was concern that whether the person had comorbid behavioral or psychotic symptoms would confound the analysis of type of specialty visited. To adjust for presence of psychiatric or behavioral symptoms, fills for psychopharmacologic drugs in the year before the index diagnosis in the six drug classes of benzodiazepines, second-generation sedatives, first-generation antipsychotics, atypical antipsychotics, selective serotonin reuptake inhibitors and serotonin-norepinephrine reuptake inhibitors, and older-generation antidepressants (tetra-and tricyclic) was used. Use was quantified as the count of unique psychopharmacologic medication classes prescribed.
Administrative data do not contain clinical information on the severity of dementia, so a proxy was developed based on whether the participant lived in residential care (nursing home, assisted living, other type of board-andcare facility). Participants who received at least 50% of their prescriptions through a long-term care pharmacy in the 4 months preceding their index diagnosis in 2009 were considered to be in residential care as opposed to community dwelling. Because the measure may be imperfect in its correlation with dementia severity, antidementia drug use according to whether the participant died within a year of index diagnosis was also reported.
Analysis
Descriptive analysis was performed for all participants diagnosed with dementia and for those with incident dementia. ChEI and memantine were initially examined separately to test for potential prescribing differences between them. A sensitivity analysis testing whether enrollment in hospice, which covers some medications, influenced treatment rates found no difference in antidementia or psychopharmacological medication use between hospice and nonhospice enrollees.
Multivariate regression modeling was performed to estimate the probability of newly diagnosed beneficiaries receiving prescriptions for antidementia drugs. Because the outcome was common, Poisson regression with robust error variance was used to estimate relative risks. 44 The model included demographic factors, survived days, baseline year of healthcare use, low-income subsidy, HRR, clinical factors (psychopharmacological co-medication, comorbidity, dementia severity proxy), and specialty involvement. Use of ChEI and memantine was initially modeled separately, and no differences were found in the association between factors and likelihood of prescription from the combined outcome of antidementia medications grouped together.
Regional use according to HRR was adjusted for population age, sex, race, and low-income subsidy using the indirect method and grouped into quintiles of adjusted treatment rates.
All analyses were performed using SAS version 9.2 (SAS Institute, Inc., Cary, NC), and the map was produced using ArcGIS desktop version 10.2 (ESRI, Redlands, CA). This study received expedited institutional review board approval.
RESULTS
Of 433,559 beneficiaries with a dementia diagnosis in 2009 (Table 1) in this fee-for-service Medicare sample, 55.8% received a prescription for an antidementia drug.
Treated participants were slightly younger than those not treated (82.7 vs 83.7, P < .001), but there was no difference in treatment according to sex. White and Hispanic participants received a prescription more often, as did those with less-severe dementia, whereas black participants and people receiving a low-income subsidy were less frequently treated. Eighteen percent of participants with dementia died within 1 year of their index diagnosis, 45% of whom were treated with an antidementia drug ( Figure 1) . It was not possible to assess from prescription fill data whether medications are taken simultaneously or in sequence, but 46.7% of participants received only ChEIs, 40.9% a ChEI and memantine, and 12.4% only memantine. There were no meaningful differences between the percentage of people treated with ChEI and those treated with memantine according to dementia severity proxy or level of comorbidity. Results combining the two classes are reported for the remainder of the article. Of all participants with dementia, 185,449 had a new diagnosis. Those with incident dementia were less likely to receive a prescription in the following year than prevalent cases (49.3% vs 60.7%, P < .001). Table 2 shows the differences between treated and untreated participants with incident dementia. The 49% treated with antidementia drugs were younger, slightly less likely to be male or black and more likely to be Hispanic, and had fewer comorbid conditions. Treated participants also had less severe-dementia as indicated by the proxy measure (19.1% of treated participants and 28.5% of untreated participants lived in residential care, P < .001) and less likely to die within the year (12.8% vs 20.3%, P < .001).
To further characterize differences between treatment groups, drugs used to treat psychiatric problems were examined. People treated with psychopharmacological drugs before their dementia diagnosis received antidementia drugs more often than those who were not (57.9% vs 53.0%, P < .001). Table S1 shows the specific classes of psychopharmacological prescriptions received stratified according to the proxy for dementia severity and specialty involvement, which confirms that participants who had been receiving these drugs were more likely to see psychiatrists. Treatment with first-generation antipsychotics and older antidepressants was low (≤5%) in all groups, consistent with recommendations against use of these classes of drugs. [45] [46] [47] Figure 2 shows the modeled relative risk of antidementia drug treatment. When controlled for all other factors, there was not a meaningful relationship between treatment and age (RR = 0.99, 95% CI = 0.995-0.997) or treatment and sex (RR = 0.98, 95% CI = 0.97-0.99). Blacks (RR = 0.94, 95% CI = 0.93-0.96) were less likely and Hispanics (RR = 1.10, 95% CI = 1.07-1.13) and Asians (RR = 1.05, 95% CI = 1.01-1.08) were more likely than whites to be treated. Participants receiving psychopharmacological medications were more likely to be treated (RR = 1.05, 95% CI = 1.05-1.06) than those not receiving them. Participants in residential care had a lower probability of receiving an antidementia drug (RR = 0.82, 95% CI = 0.81-0.83) than communitydwelling participants, and each additional comorbid condition had a negative effect (RR = 0.96, 95% CI = 0.96-0.96). The type of specialist seen also influenced the probability of receiving antidementia drugs. A visit to a geriatrician near the time of diagnosis was associated with 4% lower likelihood of a medication fill, whereas a psychiatrist visit was associated with an 8% greater likelihood and a neurologist visit with a 17% greater likelihood of antidementia drug treatment. 
CONCLUSIONS
More than half of all people with a dementia diagnosis, according to the physicians who bill for their care, receive antidementia drugs. People who are newly diagnosed have a 50:50 chance of being treated. In accordance with guidelines, people who appear to be in later stages of dementia are less likely to be treated, but there is no difference between use of ChEI or memantine related to any of the proxy measures for dementia severity. People who have comorbid psychiatric symptoms are more likely to receive an antidementia drug. Factors not directly related to disease, such as race and region of residence, also influence treatment rates. Finally, the type of clinician involved in care may independently influence whether a person is treated.
Several findings suggest areas for improvement in dementia treatment. One area is better targeting of the drug for the right population. The expectation was that a higher proportion of newly diagnosed people would receive treatment than people with prevalent or longerstanding disease and that there would be a differentiation between use of ChEI and memantine, but neither was found. The second potential area is to understand better the independent association between greater likelihood of dementia treatment when other psychopharmacological treatments are being used. The antidementia drugs have a small if any effect on other psychiatric symptoms. 48, 49 Further efforts are needed to explore whether clinicians are aware of the small benefit and availability and effectiveness of nonpharmacological approaches. Finally, regional variation and differences between specialists suggest there may not be good consensus regarding what constitutes best practice, in spite of existing guidelines and syntheses of the evidence, which will make translating the current evidence into practice difficult.
These observed treatment levels need to be put in the context of previous reports. Reported treatment rates vary greatly depending on country, prevalent versus incident cases, the context (nursing home or not), and region of the United States. More than 80% of observed individuals in a Swedish study of prevalent cases were treated with antidementia drugs. 50 In Spain, 53% of individuals with dementia were treated, 51 and in Germany 27% of incident cases received antidementia medication. 52 Like in the United States, many people in Britain and Germany are managed in primary care, but when a specialist is seen, antidementia drugs are more likely to be prescribed. [52] [53] [54] Within the United States, use has been studied at the end of life in nursing homes 55 and in the Medicare Current Beneficiaries Survey with self-reported or claims diagnosis found that only 26% of people with dementia were treated. 56 An apples-to-apples comparison between these studies is challenging because they use different types of data (clinical, survey, or billing date) [34] [35] [36] and different definitions of dementia, a problem that has plagued epidemiological estimates of dementia prevalence as well. 57 The Dartmouth Atlas reported a fourfold (from 3.7% to 17.1%) variation in per capita use 58 not per identified dementia case, combining likelihood of being diagnosed (which varies 59 ) and likelihood of being treated into one measure. The current study found a twofold variation in the use of these drugs in those with newly diagnosed dementia, varying from 32% to 66% across HRRs.
Several conceptual models exist to explain large variations in clinical practice, and one provides helpful guidance in understanding the use of antidementia drugs based on their cost effectiveness. 60, 61 Drugs can be effective with few tradeoffs, heterogeneous in effect because of dependency on appropriate patient selection, have low cost effectiveness or limited evidence of effectiveness, or be ineffective because of evidence of harm. 57 In this framework, antidementia drugs would be considered to have heterogeneous benefits, and part of the variation in use could be due to differential expertise in targeting the population most likely to benefit. The trial evidence suggests that likelihood of benefit with ChEI versus memantine differs according to disease severity, so treatment should target individuals according to severity, but no such pattern in actual practice was observed, suggesting that a major concern is appropriate selection of individuals most likely to benefit. The additional observation that specialists in the field have divergent care patterns suggests that perhaps there is disagreement between thought leaders as to whether these drugs offer value, so treatment practices may vary based on limited evidence of effectiveness that different providers interpret differently.
The finding regarding involvement of specialists has important implications for healthcare delivery for people with dementia. When a specialist is seen, neurologists and psychiatrists are more likely and geriatricians less likely to prescribe antidementia drugs than when primary care manages alone, yet 60% of people with newly diagnosed dementia are managed in primary care without input from dementia care specialists. It is likely that there is some residual confounding from the factors that lead a person to choose to see a specialist or take medication, but the finding suggests that the uncertainty about treatment is not entirely random across physicians and highlights that improvement in care will require strong engagement from primary care providers.
The nature of the study design and data sources requires consideration of its limitations. First, as an observational study, association was tested but not causal relationships. There may be residual confounding particularly in the specialty finding. For example, if people who prefer more-aggressive treatment also seek out neurologists, it may be that individual preference rather than a specialty predilection is being detected. Second, proxies were used for disease severity and psychiatric symptoms because claims lack detailed clinical information, but the advantage of using administrative data is inclusion of diverse beneficiaries who may not be represented in community-based studies or research registries. Third, place of residence as a proxy for severity of dementia has face validity, but factors in addition to disease severity may influence the timing of transitioning from community dwelling to residential care. [62] [63] [64] In addition, using long-term care pharmacy prescription fills as the indicator of residential care may include settings with differing levels of dementia severity depending on the type of facility, from board and care to nursing home. The strategy to mitigate the heterogeneity of stage was to focus on people whose diagnosis appeared to be new, but even that approach may be imperfect given that diagnostic delay and late presentation is common for various reasons. 65, 66 Fourth, the indications for use of ChEIs have changed since the time of this study, expanding to severe disease for some ChEIs, yet the evidence has not changed, and evaluations of the benefit continue to assert that their use should be limited in late-stage disease. 10, 31 Also, the data analyzed shows use from 2008 to 2010. At the time the study was initiated, these were the most-recent Part D data available. Although more-recent data would be desirable, the main results regarding correlates of treatment initiation are unlikely to be different because the state of evidence has not changed since 2010. Future studies including changes in drug usage over time would be an interesting next step. There is evidence that antipsychotic drug use has declined since the time of this study (use by nursing home residents declined from 23.8% in 2012 to 19.4% in 2014 67 ), but trends in antidementia drug use have not been explored.
Implications
The human and cost implications of managing the growing population of people with dementia have garnered increased attention in the last several years. This study suggests that, even among the experts, consensus has not been reached about the best practice for management of antidementia medication, and treatment targeting can be improved. In addition, much medication management occurs in primary care. Dementia is underrecognized in primary care, and primary care physicians report not feeling confident about the diagnosis. [68] [69] [70] Interventions and policies are needed to build expertise in primary care providers and to promote care that reflects best evidence. Those efforts should be designed to ensure that all providers make medication decisions based on realistic expectations of benefits and can share that information with patients and families, with the goal of improving targeting of these medications.
Many of the initial recommendations of the National Advisory Council tasked by National Alzheimer's Project Act to develop a national strategy focused on finding curative or preventative treatments, and more recently, the scope has expanded toward building the supports needed for high-quality community caregiving. Although both of these are urgently needed, understanding what constitutes best practice in medical care and how best to deliver that care for this population is equally important.
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